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(54) Column packing and method for manufacturing the same 

(57) A method for manufacturing a packing made of 
a three-dimensional net-like structure which constitutes 
an internal structure of device which performs material 
transfer, heat exchange or mixing between gases, liq- 
uids or gas and liquid, the internal structure being" 
divided in a plurality of chambers or channels con- 
nected to one another is provided. Knots where three 
line elements (23) converge and disperse are sequen- 
tially fonned in the order of a first knot K1 formed in a 
hypothetical channel CI. a second knot K2 formed in a 
space where a rotor R3 is disposed, a third knot K3 
which is fonned in a hypothetical channel C2, and a 
fourth channel K4 formed in the space where the rotor 
R3 is disposed. By repeating this cycle by a desired 
number of times, a three-dimensional net-like structure 
(21) of a desired size can be manufactured. 
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Description 

[0001] This invention relates to a colunnn packing 
filled in a device which is divided in a plurality of cham- 
bers or channels connected to one another and per- 
fomns material transfer, heat exchange or mixing 
between gases, liquids or gas and liquid The invention 
relates also to. a method for manufacturing such column 
packing. 

[0002] Japanese Patent Application Laid-open Pub- 
lication No. Hei 3-203976 discloses a column packing of 
this type. This column packing is made up of a plurality 
of permeable sheets which are disposed in parallel to 
one another and extend in the direction of a main 
stream of fluid. Projecting portions of these permeable 
sheets are disposed in the direction that crosses the 
main stream of fluid and these projections function as 
spacers between the adjacent permeable sheets. This 
packing (hereinafter refen-ed to as "X-packing" because 
the cross section of a joint portion between two adjacent 
permeable sheets assumes the shape of the letter X) is 
beneficial in that fluid flowing down along the penmeable 
sheets is repeatedly joined, mixed, horizontally dis- 
persed and redistributed at each joint of the permeable 
sheets. Thus, fluid flow which was not uniform when it 
was charged in the device gradually becomes unifomn 
resulting in an optimum material transfer or heat 
exchange. Moreover, gas charged in the device passes 
through the liquid flowing along the inclined surfaces of 
the permeable sheets and necessary contact between 
the gas and the liquid is achieved by contacting the gas 
with the liquid while the gas passes through the perme- 
able sheets, so that material transfer or heat exchange 
can be effected efficiently with a minimum pressure 
loss. 

[0003] For manufacturing this X-packing, the inven- 
tor of this application proposed the method described in 
U.S. Patent No. 5, 673,726. According to this method, 
as shown in Fig. 22, permeable sheets 51 in plural lay- 
ers and joints 51b of adjacent permeable sheets 51 are 
simultaneously produced and a three-dimensional 
woven packing 50 thereby is produced. 
[0004] in a case where this X-packing manufac- 
tured by the above described prior art method is used 
as a packing loaded in, e.g., a gas-liquid mixing device, 
the packing 50 of Fig. 22 is erected in the device and liq- 
uid from a distributor is caused to flow from the top to 
the bottom, i.e., in the direction of arrow A. It is, how- 
ever, actually difficult to maintain the packing 50 strictly 
horizontally in the device by reason of an error in instal- 
lation or other causes and, as a result, the threads that 
run crosswise of the separated portions 51a and the 
joints 51 b of the packing 50 are disposed in a somewhat 
inclined relationship to the horizontal direction. For this 
reason, when the operation of the device is started and 
liquid is caused to flow in the direction of the an-ow A, 
the liquid flows concentrically along a lower portion of 
the threads that run crosswise with the result that collec- 



tion, horizontal distribution and downward redistribution 
of the liquid are not performed unifomnly but flow of the 
liquid tends to concentrate on the lower portion of the 
inclined threads running corsswise. 
5 [0005] It is, therefore, an object of the invention to 
provide an X-packing capable of accurately achieving 
uniform collection and redistribution of liquid at joints of 
the X-packing. 

[0006] It is another object of the invention to provide 
10 a method for manufacturing such X-packing at a low 
cost and in a large scale. 

[0007] For achieving the above described objects of 
the invention, there is provided a method for manufac- 
turing a packing made of a three-dimensional net-like 

15 structure which constitutes an internal structure of a 
device which performs material transfer, heat exchange 
or mixing between gases, liquids or gas and liquid, said 
internal structure being divided in a plurality of cham- 
bers or channels connected to one another and said 

20 three-dimensional net-like structure being made of a 
plurality of unit structures which are arranged continu- 
ously in vertical and horizontal directions of the three- 
dimensional net-like structure, each of the unit struc- 
tures being formed by conversion and dispersion of 

25 three line elements, said method comprising a step of 
forming a converging section of the unit structure where 
the three line elements converge by twisting the three 
line elements together. 

[0008] According to the invention, there is also pro- 
30 vided a method for manufacturing a packing made of a 
three-dimensional net-like structure which constitutes 
an internal structure of a device which performs mate- 
rial transfer, heat exchange or mixing between gases, 
liquids or gas and liquid, said internal structure being 
35 divided in a plurality of chambers or channels con- 
nected to one another and said thee-dimensional net- 
like structure being made of a plurality of unit structures 
which are arranged continuously in vertical and horizon- 
tal directions of the thee-dimensional net-like structure, 
40 each of the unit structures being formed by conversion 
and dispersion of three line elements, said method com- 
prising steps of: 

(A) preparing a packing manufacturing space by 
45 forming a predetermined number of hypothetical 
channels of a regular triangular cross-section with- 
out leaving spaces between them so that six hypo- 
thetical channels having one common apex of a 
triangle form a regular hexagon, said hypothetical 
50 channels consisting of hypothetical channels CI 
which share one apex of a triangle but do not share 
a side of a triangle with adjacent hypothetical chan- 
nels and hypothetical channels C2 which share a 
side of a triangle with the hypothetical channels CI , 
55 and disposing, in the packing manufacturing space, 
a plurality of rotors each having a circular shape in 
the radial section, being formed with three recesses 
in the periphery thereof at an interval of 120° for 



2 



3 



EP 1 050 352 A2 



4 



respectively receiving a line element and being 
connected to a rotor control unit and rotatable by a 
predeternnined angie by operating the rotor control 
unit, said rotors consisting of rotors R1 each being 
disposed in one of the hypothetical channels CI, 
rotors R2 each being disposed in one of the hypo- 
thetical channels C2 and rotors R3 each being dis- 
posed in a space defined by three of the rotors R1 
disposed in three of the hypothetical channels CI 
which share one apex of a triangle and three of the 
rotors R2 disposed in three of the hypothetical 
channels C2, in such a nnanner that the line ele- 
ment can be moved between the recess of the rotor 
R3 and the recess of the rotor R1 , and between the 
recess of the rotor R3 and the recess of the rotor Rl 
and that the rotors R1 do not contact the rotors R2, 

(B) inserting the line elements unwound from bob- 
bins in the respective recesses of the rotors Rl and 
thereafter rotating the rotors Rl by one revolution or 
over to twist the three line elements inserted in the 
respective recesses of each of the rotors Rl and 
thereby forming a first knot K1 in each of the hypo- 
thetical channels C1 downstream of the rotors R1 in 
a feeding direction of the line elements, 

(C) feeding the line elements by a predeternnined 
length, moving the line elements from the recesses 
of the rotors Rl to the recesses of the rotors R3 and 
thereafter rotating the rotors R3 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R3 and thereby forming a 
second knot K2 upstream of the first knot K1 in 
each of the spaces in which the rotors R3 are dis- 
posed, 

(D) feeding the line elements by a predetermined 
length, rotating the rotors R3 and the rotors R2 
respectively by 60" in opposite directions to each 
other, moving the line elements from the recesses 
of the rotors R3 to the recesses of the rotors R2 and 
thereafter rotating the rotors R2 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R2 and thereby forming a 
third knot K3 downstream of the rotors R2 and the 
upstream of the second knot K2 in each of the 
hypothetical channels C2, 

(E) feeding the line elements by a predetermined 
length, moving the line elements from the recesses 
of the rotors R2 to the recesses of the rotors R3 and 
thereafter rotating the rotors R3 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R3 and thereby forming a 
fourth knot K4 downstream of the rotors R3 and 
upstream of the third knot K3 in each of the spaces 
in which the rotors R3 are disposed, and 

(F) feeding the line elements by a predetermined 
length, rotating the rotors R3 and the rotors Rl 
respectively by 60** in opposite directions to each 
other and thereafter moving the line elements from 
the recesses of the rotors R3 to the recesses of the 



rotors Rl. 

[0009] According to the manufacturing method of 
the invention, a packing 21 consisting of a three-dimen- 

5 sional net-like structure as shown in the schematic per- 
spective view of Fig. 1 can be produced. This packing 
21 is made, as shown in the partial perspective view of 
Rg. 2, of a plurality of unit structures 22 which are 
arranged continuously in vertical and horizontal direc- 

10 tions of the three-dimensional net-like structure, each of 
the unit structures 22 being fomned by conversion and 
dispersion of three line elements. As shown in Rg. 2, 
this unit structure 22 is a combination of two triangular 
pyramids having a common apex 22a and bottom sur- 

15 faces disposed in opposite directions. Three line ele- 
ments 23 constitute three sides 22b of each triangular 
pyramid. The apex 22a of the two triangular pyramids 
and the sides 22b of the two triangular pyramids are 
formed by conversion and diversion of the three line el e- 

20 ments 23 about a knot 24 which is formed by twisting 
the thee line elements 23. Accordingly, no element cor- 
responding to the horizontal threads in the prior art X- 
packing is used at alt in this unit structure 22. 
[0010] Accordingly, by using the packing 21 manu- 

25 factured by the method of the invention in a device such 
as a gas-liquid contact device, liquid from a distributor 
flows in the direction of arrow B in Fig. 1 and, since no 
element corresponding to the horizontal threads is used 
in the packing 21, the liquid which has fallen upon the 

30 top of the packing 21 does not produce a drift which is 
caused by flow of the liquid toward a laterally tower por- 
tion even if there is an error in installing the packing 21 
in the device and, therefore, collection and downward 
reditribution of the liquid at the apex 22a (i.e., knot 24) of 

35 each unit structure 22 are performed uniformly. 

[0011] In another aspect of the invention, there is 
provided a method for manufacturing a packing made of 
a three-dimensional net-like structure which constitutes 
an internal structure of a device which performs mate- 

40 rial transfer, heat exchange or mixing between gases, 
liquids or gas and liquid, said internal structure being 
divided in a plurality of chambers or channels con- 
nected to one another and said three-dimensional net- 
like structure being made of a plurality of unit structures 

45 which are arranged continuously in vertical and horizon- 
tal directions of the three-dimensional net-like structure, 
each of the unit structures being formed by conversion 
and dispersion of four line elements, said method com- 
prising a step of forming a converging section of the unit 
50 structure where the four line elements converge by 
twisting the four line elements together. 
[0012] According to the invention, there is also pro- 
vided a method for manufacturing a packing made of a 
three-dimensional net-like structure which constitutes 
55 an internal structure of a device which performs mate- 
rial transfer, heat exchange or mixing between gases, 
liquids or gas and liquid, said internal structure being 
divided in a plurality of chambers or channels con- 
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nected tooneanotherand said three-dimensional net- 
like structure being made of a plurality of unit structures 
which are ananged continuously in vertical and horizon- 
tal directions of the three-dimensional net-like structure, 
each of the unit structures being formed by conversion 5 
and dispersion of four line elements, said method com- 
prising steps of: 



[0013] According to the method of the invention, a 
packing 40 consisting of a three-dimensional net-like 
structure as shown in the schematic perspective view of 
Fig. 3 is obtained. This packing 40 is made of a plurality 55 
of unit structures 41 . The unit structure 41 is a combina- 
tion of two quadruple pyramids having a common apex 
41a and having bottom surfaces disposed in opposite 



directions. The three-dimensional net-like structure is 
made by arranging these unit structures 41 in vertical 
and horizontal directions. 

[0014] In the unit structure 41 , respective sides 41b 
consist of line elements 23. That is to say, four line ele- 
ments 23 constitute four sides 41 b and the apex 41 a is 
formed by conversion and dispersion of the four line ele- 
ments 23. In this unit structure 41 either, there is no ele- 
ment corresponding to the horizontal threads at alt and, 
therefore, the advantageous result of the unit structure 
22 can be obtained also in the unit structure 41 . In other 
words, the liquid flows in the direction of arrow D in Rg. 
3 and collection and downward redistribution of the liq- 
uid at the apex 41a of each quadruple pyramid of the 
unit structure 41 is performed unifonmly. 
[0015] The present invention can be applied not 
only to the column packing used in devices such as a 
gas-liquid mixing device but also to manufacturing of 
other three-dimensional net-like structure such as ones 
used for a mist eliminator, a multi-layer filtering film and 
aggregate. 

[0016] In one aspect of the invention, there is pro- 
vided a method for manufacturing a three-dimensional 
net-like structure including a mist eliminator and a multi- 
layer filtering film made of a plurality of unit structures 
which are arranged continuously in vertical and horizon- 
tal directions of the three-dimensional net-like structure, 
each of the unit structures being fomned by conversion 
and dispersion of three line elements, said method com- 
prising a step of forming a converging section of the unit 
structure where the three line elements converge by 
twisting the three line elements together. 
[0017] In another aspect of the invention, there is 
provided a method for manufacturing a three-dimen- 
sional net-like structure including a mist eliminator and a 
multi-layer filtering film made of a plurality of unit struc- 
tures which are arranged continuously in vertical and 
horizontal directions of the three-dimensional net-like 
structure, each of the unit structures being formed by 
conversion and dispersion of three line elements, said 
method comprising steps of: 

(A) preparing a three-dimensional net-like structure 
manufacturing space by forming a predetermined 
number of hypothetical channels of a regular trian- 
gular cross-section without leaving spaces between 
them so that six hypothetical channels having one 
common apex of a triangle fonm a regular hexagon, 
said hypothetical channels consisting of hypotheti- 
cal channels CI which share one apex of a triangle 
but do not share a side of a triangle with adjacent 
hypothetical channels and hypothetical channels 
C2 which share a side of a triangle with the hypo- 
thetical channels C1, and disposing, in the three- 
dimensional net-like structure manufacturing 
space, a plurality of rotors each having a circular 
shape in the radial section, being formed with three 
recesses in the periphery thereof at an interval of 



(A) preparing a packing manufacturing space by 
forming a predetermined number of hypothetical 10 
channels of a regular square cross-section so that 
these hypothetical channels align in columns and 
rows without leaving spaces between them, said 
hypothetical channels consisting of first hypotheti- 
cal channels CA and second hypothetical channels is 
CB which are disposed alternately in columns and 
rows of the hypothetical channels, and disposing, in 
the packing manufacturing space, a plurality of 
rotors each having a circular shape in the radial 
section, being formed with four recesses in the 20 
periphery thereof at an interval of 90° for respec- 
tively receiving a line element and being connected 

to a rotor control unit and rotatable by a predeter- 
mined angle by operating the rotor control unit, said 
rotors consisting of rotors RA each being disposed 25 
in one of the first hypothetical channels CA and 
rotors RB each being disposed in one of the second 
hypothetical channels CB in such a manner that the 
line element can be moved between the recess of 
the rotor RA and the recess of the rotor RB, 30 

(B) inserting the line element unwound from bob- 
bins in the respective recesses of the rotors RA and 
thereafter rotating the rotors RA by one revolution 
or over to twist the four line elements inserted in the 
respective recesses of each of the rotors RA and 35 
thereby forming a first knot KCA in each of the 
hypothetical channels CA downstream of the rotors 
RA in a feeding direction of the line elements, 

(C) feeding the line elements by a predetemnined 
length, moving the line elements from the recesses 40 
of the rotors RA to the recesses of the rotors RB 
and thereafter rotating the rotors RB by one revolu- 
tion or over to twist the four line elements inserted 

in the recesses of the rotors RB and thereby form- 
ing a second knot KGB upstream of the first knot 45 
KCA in each of the hypothetical channels CB, and 

(D) feeding the line elements by a predetemnined 
length and moving the line elements from the 
recesses of the rotors RB to the recesses of the 
rotors RA. 50 
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120° for respectively receiving a line elennent and 
being connected to a rotor control unit and rotatable 
by a predetermined angle by operating the rotor 
control unit, said rotors consisting of rotors R1 each 
being disposed in one of the hypothetical channels 
CI, rotors R2 each being disposed in one of the 
hypothetical channels C2 and rotors R3 each being 
disposed in a space defined by three of the rotors 
Rl disposed in three of the hypothetical channels 
Cl which share one apex of a triangle and three of 
the rotors R2 disposed in three of the hypothetical 
channels C2, in such a manner that the line ele- 
ment can be moved between the recess of the rotor 
R3 and the recess of the rotor R1 , and between the 
recess of the rotor R3 and the recess of the rotor R1 
and that the rotors R1 do not contact the rotors R2, 

(B) inserting the line elements unwound from bob- 
bins in the respective recesses of the rotors R1 and 
thereafter rotating the rotors R1 by one revolution or 
over to twist the three line elements inserted in the 
respective recesses of each of the rotors Rl and 
thereby forming a first knot K1 in each of the hypo- 
thetical channels CI downstream of the rotors Rl in 
a feeding direction of the line elements, 

(C) feeding the line elements by a predetermined 
length, moving the line elements from the recesses 
of the rotors Rl to the recesses of the rotors R3 and 
thereafter rotating the rotors R3 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R3 and thereby forming a 
second knot K2 upstream of the first knot K1 in 
each of the spaces in which the rotors R3 are dis- 
posed, 

(D) feeding the line elements by a predetermined 
length, rotating the rotors R3 and the rotors R2 
respectively by 60° in opposite directions to each 
other, moving the line elements from the recesses 
of the rotors R3 to the recesses of the rotors R2 and 
thereafter rotating the rotors R2 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R2 and thereby forming a 
third knot K3 downstream of the rotors R2 and the 
upstream of the second knot K2 in each of the 
hypothetical channels C2, 

(E) feeding the line elements by a predetermined 
length, moving the line elements from the recesses 
of the rotors R2 to the recesses of the rotors R3 and 
thereafter rotating the rotors R3 by one revolution or 
over to twist the three line elements inserted in the 
recesses of the rotors R3 and thereby forming a 
fourth knot K4 downstream of the rotors R3 and 
upstream of the third knot K3 in each of the spaces 
in which the rotors R3 are disposed, and 

(F) feeding the line elements by a predetermined 
length, rotating the rotors R3 and the rotors Rl 
respectively by 60* in opposite directions to each 
other and thereafter moving the line elements from 
the recesses of the rotors R3 to the recesses of the 



rotors Rl. 

[0018] In another aspect of the invention, there is 
provided a method for manufacturing a three-dimen- 

5 sionai net-like structure including a mist eliminator and a 
multi-layer filtering film made of a plurality of unit struc- 
tures which are arranged continuously in vertical and 
horizontal directions of the three-dimensional net-like 
structure, each of the unit structures being formed by 

JO conversion and dispersion of four line elements, said 
method comprising a step of forming a converging sec- 
tion of the unit structure where the four line elements 
converge by twisting the four line elements together. 
[0019] In another aspect of the invention, there is 

15 provided a method for manufacturing a three-dimen- 
sional net-like structure including a mist eliminator and a 
multi -layer filtering film made of a plurality of unit struc- 
tures which are arranged continuously in vertical and 
horizontal directions of the three-dimensional net-like 

20 structure, each of the unit structures being formed by 
conversion and dispersion of four line elements, said 
method comprising steps of: 

(A) preparing a three-dimensional net-like structure 
25 manufacturing space by forming a predetermined 

number of hypothetical channels of a regular 
square cross-section so that these hypothetical 
channels align in columns and rows without leaving 
spaces between them, said hypothetical channels 

30 consisting of first hypothetical channels CA and 
second hypothetical channels CB which are dis- 
posed alternately in columns and rows of the hypo- 
thetical channels, and disposing, in the three- 
dimensional net-like structue manufacturing space, 

35 a plurality of rotors each having a circular shape in 
the radial section, being formed with four recesses 
in the periphery thereof at an interval of 90° for 
respectively receiving a line element and being 
connected to a rotor control unit and rotatable by a 

40 predetermined angle by operating the rotor control 
unit, said rotors consisting of rotors RA each being 
disposed in one of the first hypothetical channels 
CA and rotors RB each being disposed in one of the 
second hypothetical channels CB in such a manner 

45 that the line element can be moved between the 
recess of the rotor RA and the recess of the rotor 
RB, 

(B) inserting the line elements unwound from bob- 
bins in the respective recesses of the rotors RA and 

50 thereafter rotating the rotors RA by one revolution 
or over to twist the four line elements inserted in the 
respective recesses of each of the rotors RA and 
thereby forming a first knot KCA in each of the 
hypothetical channels CA downstream of the rotors 

55 RA in a feeding direction of the line elements, 

(C) feeding the line elements by a predetermined 
length, moving the line elements from the recesses 
of the rotors RA to the recesses of the rotors RB 
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and thereafter rotating the rotors RB by one revolu- 
tion or over to twist the four line elements inserted 
in the recesses of the rotors RB and thereby form- 
ing a second knot KCB upstream of the first knot 
KCA in each of the hypothetical channels CB, and 5 
(D) feeding the line elements by a predetemnined 
length and moving the line elements from the 
recesses of the rotors RB to the recesses of the 
rotors RA. 

10 

[0020] In another aspect of the invention, there is 
provided a packing made of a three-dimensional net-like 
structure which constitutes an internal structure of a 
device which performs material transfer, heat exchange 
or mixing between gases, liquids or gas and liquid, said is 
internal structure being divided in a plurality of cham- 
bers or channels connected to one another and said 
three-dimensional net-like structure being made of a 
plurality of unit structures which are arranged continu- 
ously in vertical and horizontal directions of the three- 20 
dimensional net-like structure, each of the unit struc- 
tures being formed by conversion and dispersion of 
three line elements characterized in that a converging 
section of the unit structure where the three line ele- 
ments converge is formed by twisting the three line ele- 25 
ments together. 

[0021] n another aspect of the invention, there is 
proivded a packing made of a three-dimensional net- 
like structure which constitutes an internal structure of a 
device whicn performs material transfer, heat exchange 30 
or mixing between gases, liquids or gas and liquid, said 
internal structure being divided in a plurality of cham- 
bers or channels connected to one another and said 
three-dimensional net-like structure being made of a 
plurality of unit structures which are arranged continu- 35 
ously in vertical and horizontal directions of the three- 
dimensional net-like structure, each of the unit struc- 
tures being formed by conversion and dispersion of tour 
line elements characterized in that a converging section 
of the unit structure where the four line elements con- 40 
verge is formed by twisting the four line elements 
together. 

[0022] In another aspect of the invention, there is 
provided a three-dimensional net-like structure includ- 
ing a mist eliminator and a multi-layer filtering film made 45 
of a plurality of unit structures which are arranged con- 
tinuously in vertical and horizontal directions of the 
three-dimensional net-like structure, each of the unit 
structures being formed by conversion and dispersion of 
three line elements characterized in that a converging so 
section of the unit structure where the three line ele- 
ments converge is formed by twisting the three line ele- 
ments together. 

[0023] In still another aspect of the invention, there 
is provided a three-dimensional net-like structure 55 
including a mist eliminator and a multi-layer filtering film 
mad of a plurality of unit structures which are arranged 
continuously in vertical and horizontal directions of the 



three-dimensional net-like structure, each of the unit 
structures being formed by conversion and dispersion of 
four line elements characterized in that a converging 
section of the unit structure where the four line elements 
converge is formed by twisting the four line elements 
together. 

[0024] Prefen-ed embodiment of the invention will 
be described below with reference to the accompanying 
drawings. 

[0025] In the accompanying drawings, 

Rg. 1 is schematic perspective view showing an 
example of a three-dimensional net-like structure; 
Rg. 2 is a perspective view showing a unit structure 
used in this example; 

Rg. 3 is a schematic perspective view showing 
another example of a three-dimensional net-like 
structure; 

Rg. 4 is a perspective view showing a unit structure 
used in this example; 

Rg. 5 is a perspective view schematically showing 
a principal portion of a device for manufacturing the 
three-dimensional net-like structure; 
Rg. 6 is a perspective view schematically showing 
a bobbin section of the device; 
Rg. 7 is a prespective view showing a three-dimen- 
sional net-like structure manufacturing space; 
Rg. 8 is a perspective view showing rotors dis- 
posed in the three-dimensional net-like structure 
manufacturing space; 

Rg. 9 is a perspective view showing a shape of the 
rotor; 

Rg. 10 is a perspective view showing a manner of 
disposing rotors R1 , R2 and R3; 
Rg. 11 is a perspective view showing connection 
between the rotors and the rotor control section; 
Rg. 12 is a plan view showing a part of a three- 
dimensional net-like structure manufacturing space 
Rg. 13 is a perspective view showing a process of 
forming a first knot K1 in the method of manufactur- 
ing the three-dimensional net-like structure; 
Rg. 14 is a perspective view showing a process of 
fonming a second knot K2 in the same method; 
Rg. 15 is a perspective view showing an example of 
a means for moving a line element from a recess of 
one rotor to a recess of another rotor; 
Rg. 16 is a perspective view showing a process for 
forming a third knot K3 in the same method; 
Rg. 17 is a perspective view showing a process for 
forming a fourth knot K4 in the same method; 
Rg. 1 8 is a perspective view showing a process for 
moving the line element to the rotor R1 ; 
Rg. 1 9 is a perspective view showing the manufac- 
tured three-dimensional net-like structure; 
Rg. 20 is a plan view showing an example of a 
three-dimensional net-like structure manufacturing 
space used in another embodiment of the method 
for manufacturing a three-dimensional net-like 
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structure according to the invention; 

Fig. 21 is a plan view showing rotors disposed in 

the manufacturing space; 

Fig, 22 is a perspective view showing connection 
between the rotor and the gear of the rotation con- 5 
trollerin this embodinnent; 

Fig. 23 is a perspective view showing a process for 
forming a first knot KCA in this ennbodinnent; 
Fig. 24 is a perspective view showing a process for 
forming a second knot KGB in this embodiment; io 
Fig. 25 is a perspective view showing an example of 
means for preventing twisting of tine element on the 
bobbin side; 

Fig. 26 is a perspective view showing the prior art 
method for manufacturing an X-packing; is 
Fig. 27 is a plan view showing another manner for 
controlling rotation of the rotors; 
Fig. 28A is a plan view showing structure of a rotor; 
Fig. 28B is a side view showing the structure of the 
rotor: 2^ 
Fig. 29 is a partial enlarged view showing meshing 
of wheels; 

Fig. 30 is a plan view showing a wheel section and 

lower rotor section of rotors RX, RY and RZ; 

Fig. 31 A is a plan view of a drive wheel G; 25 

Fig. 31 B is a side view of the drive wheel G; 

Fig. 32 is a plan view showing another manner of 

moving the line elements from the rotors RA to the 

rotors RB; and 

Fig. 33 is a plan view showing another manner of 30 
moving the line elements from the rotors RA to the 
rotors RB. 

Embodiment 1 

35 

[0026] This embodiment relates to a method for 
manufacturing a three-dimensional net-like structure 
shown in Figs. 1 and 2 in which the unit structure is 
formed by conversion and dispersion of three line ele- 
ments. 

(1 ) Step of preparing a three-dimensional net- like struc- 
ture manufacturing space 

[0027] In this embodiment, three line elements 23 45 
are transferred among first rotors and second rotors dis- 
posed respectively in two types of hypothetical channels 
in the form of a pipe of a regular triangular cross section 
and third rotors which are disposed in spaces defined 
between the first and second rotors, and thereafter the 50 
transferred line elements are twisted by rotating the 
rotors to cause conversion and dispersion of these line 
elements whereby the three-dimensional net-like struc- 
ture as shown in Figs. 1 and 2 is manufactured. 
[0028] For this purpose, in the present embodi- 55 
ment, a three-dimensional net-like structure manufac- 
turing device 25 shown schematically in the perspective 
views of Figs. 5 and 6 is used to perform transfer of the 



line elements 23 among the three types of rotors and 
rotation of the rotors and thereby cause conversion and 
dispersion of the line elements 23. 
[0029] In Fig. 5, a hexagonal pillar schematically 
represents a three-dimensional net-like structure 21 
which has been manufactured in a three-dimensional 
net-tike structure manufacturing space 26 in the form of 
a hexagonal pillar consisting of a plurality of hypotheti- 
cal channels shown in Fig. 7. 

[0030] The three-dimensional net-like structure 
manufacturing space 26 shown in Fig. 7 is formed by 
disposing a predetermined number (24 in the illustrated 
example) of hypothetical channels in the form of a pipe 
of a regular triangular cross section without leaving a 
space between them in such a manner that six of these 
hypothetical channels which have a common apex (i.e., 
one of their apexes contact one another) in their cross 
section will form a regular hexagonal cross section. The 
hypothetical channels consist of a plurality (12 in the 
illustrated example) of hypothetical channels CI which 
share one apex of a triangle (i.e.. their apexes contact 
one another) but do not share a side of a triangle (i.e., 
their sides do not contact each other in a parallel state) 
in their cross section with adjacent hypothetical chan- 
nels, and a plurality (12 in the illustrated example) of 
hypothetical channels C2 which share a side of a trian- 
gle (i.e., their sides contact each other in a parallel 
state) in their cross section with the hypothetical chan- 
nels CI. 

[0031] Alternatively stated, the hypothetical chan- 
nels CI share one edge but do not share a lateral face 
with adjacent hypothetical channels CI and th hypothet- 
ical channels C2 are disposed between the hypothetical 
channels CI and share a lateral face with adjacent 
hypothetical channels CI. Alternatively stated further, 
these hypothetical channels CI and C2 are disposed 
side by side about the center of the hexagonal pillar 
formed by these hypothetical channels CI and C2. 
[0032] In this three-dimensional net-lil<e structure 
manufacturing space 26 are disposed, as shown in Rg. 
8, three types of rotors R1, R2 and R3 which constitute 
a part of the manufacturing device 25. In the present 
embodiment, the rotors R1 , R2 and R3 are formed in 
the form of a disk as shown in Fig. 9 and are formed in 
their periphery with U-shaped recesses 27 at an interval 
of 120° for receiving three line elements 23. 
[0033] In the hypothetical channels CI of the man- 
ufacturing space 26 are disposed the rotors Rl, in the 
hypothetical channels C2 are disposed the rotors R2 
and in spaces defined by the three rotors R1 disposed 
in the hypothetical channels C1 which share one apex 
of a triangle in cross section and the three rotors R2 dis- 
posed in the hypothetical channels C2 are disposed the 
rotors R3. 

[0034] These rotors R1. R2 and R3 are of an equal 
diameter and these rotors R1, R2 and R3 are disposed 
in such a manner that the line elements 23 can be 
moved (transferred) between the recesses 27 of the 
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rotors R3 and the recesses 27 of the rotors R1 and also 
between the recesses 27 of the rotors R3 and the 
recesses 27 of the rotors R2 and that the rotors R1 do 
not contact the rotors R2. The nnutual contact between 
the rotors R1 and the rotors R2 is prohibited because it 
is unnecessary to have them contact each other since 
the line elements 23 are not moved (transferred) 
between the rotors R1 and the rotors R2 and, besides, 
since the rotors R1 and the rotors R2 are rotated in the 
same direction, contact between these two types of 
rotors will cause rotation of the entire rotors Rl , R2 and 
R3^to stop. 

[0035] For satisfying these conditions, a small gap 
which is smaller than the diameter of the line element 23 
may be provided between each rotor R3 and each rotor 
Rl and between each rotor R3 and each rotor R2 for 
preventing falling of the line element and a gap of the 
same size may be provided between each rotor Rl and 
each rotor R2. Alternatively, as shown in Fig. 10, mutual 
contact between the rotors Rl and the rotors R2 can be 
prevented by adopting a structure according to which 
the rotors R3 and the rotors R1 are rotated in mutual 
contact and the rotors R3 and the rotors R2 are rotated 
in mutual contact but height of the plane of contact 
between the rotors R3 and the rotors Rl is made differ- 
ent from height of the plane of contact between the 
rotors R3 and the rotors R2. In the illustrated embodi- 
ment, the former an^ngement is adopted and a small 
gap which is smaller than the diameter of the line ele- 
ment 23 is provided between the rotors Rl, R2 and R3. 
[0036] For enabling movement of the line elements 
23 between the rotors R3 and the rotors Rl and 
between the rotors R3 and the rotors R2, the rotors R3 
and the rotors Rl . and the rotors R3 and the rotors R2 
are disposed at relative positions where their recesses 
27 are in alignment at a position where the rotors R3 
and the rotors Rl, and the rotors R3 and the rotors R2 
are in mutual contact or in the closest proximity witch 
each other Further, the rotors Rl , R2 and R3 are dis- 
posed in such a manner that, at the position where the 
recesses 27 of the rotors R3 and the rotors Rl are in 
alignment with each other, the two recesses 27 of the 
rotor R2 are distant by 60° from the position where the 
rotor R2 and the rotors R3 are in mutual contact or in the 
closest proximity with each other and that, at the posi- 
tion where the recesses 27 of the rotors R3 and the 
rotors R2 are in alignment with each other, the two 
recesses 27 of the rotor R1 are distant by 60° from the 
position where the rotor Rl and the rotors R3 are in 
mutual contact or in the closest proximity with each 
other. Accordingly, by rotating the rotor R3 and the rotor 
R2 by 60* from the position where the recess 27 of the 
rotor R3 is in alignment with that of the rotor Rl. the 
recesses 27 of the rotors R3 and R2 are brought into 
alignment. 

[0037] As shown in Figs. 5 and 11, the rotors Rl. 
R2 and R3 are fixedly connected to gears 29 of a rota- 
tion controller 28 which constitutes the rotor control unit 



of the invention and is provided upstream of these rotors 
in the feeding direction of the line elements 23 (i.e., the 
direction of an-ow F in Fig. 5) by means of connection 
shafts 30 which are coaxial with the rotors Rl, R2 and 

5 R3 and also with the gears 29. The gears 29 of the rota- 
tion controller 28 are made of spur gears having the 
same or substantially the same diameter as the rotors 
Rl , R2 and R3 and the gears 29 have the same diame- 
ter and same number of teeth. The gear 29 con-espond- 

10 ing to the rotor Rl or R2 is fonned in its peripheral 
portion with line element insertion openings 31 for 
inserting three line elements 23 at an interval of 120°. 
The gear 29 having the line element insertion openings 
31 has only a function of guiding three line elements 23 

75 unwound from bobbins to be described later and has no 
function of transferring the line element 23 between the 
adjacent gear 29. 

[0038] in the gears 29 of the rotation controller 28. 
the contact rotation mechanism of the rotors Rl , R2 and 

20 R3 shown in Fig. 1 0 is adopted so that the gear 29 cor- 
responding to the rotor R3 meshes with the gear 29 cor- 
responding to the rotor Rl and the gear corresponding 
to the rotor R3 meshes with the gear 29 con-esponding 
to the rotor R2 but height of the plane on which the gear 

25 29 corresponding to the rotor R3 meshes with the gear 
29 corresponding to the rotor Rl is made different from 
height of the plane on which the gears 29 corresponding 
to the rotors R3 meshes with the gear 29 con-esponding 
to the rotor R2 whereby mutual contact between the 

30 gear 29 corresponding to the rotor Rl and the gear 29 
corresponding to the rotor R2 is prevented. The gears 
29 which do not have the line element insertion open- 
ings 31 among the group of gears 29 of the rotation con- 
troller 28 have only a function of transmitting rotation in 

35 the gear train described above. Accordingly, by trans- 
mitting rotation of the motor to one of the gears in the 
group of gears 29, the rotation is transmitted to the 
entire gears 29 of the gear group. 
[0039] The gears 29 of the rotation controller 28 are 

40 disposed at positions corresponding to the rotors Rl, 
R2 and R3 in a space upstream of the three-dimen- 
sional net-like structure manufacturing space 26. The 
rotation controller 28 has a sequence control unit which 
transmits rotation of the motor to the gears 29 by a 

45 desired rotation angle in accordance with the set 
sequence operation. Accordingly, by rotating the gears 
29 by a desired angle, the rotors Rl. R2 and R3 can be 
rotated by the same angle. 

[0040] As shown in Fig. 5, the manufacturing device 
50 25 includes a pair of conveyers 32 provided at both 
sides of the three-dimensional net-like structure 21 pro- 
duced (only a right side conveyer is shown in Fig. 5), 
Each of the pair of conveyers 32 moves in the direction 
of arrow C by means of a pair of pulleys 33 disposed 
55 vertically in Fig. 5. A plurality of plates 34 are provided 
at a predetemnined interval between the pair of convey- 
ers 32 and these plates 34 are fixed at both ends 
thereof to the pair of conveyers 32. Spacers 35 function- 



8 



15 



EP 1 050 352 A2 



16 



ing also as a hanger in the fonn of a rod are detachably 
mounted on the plates 34. By disposing these 
spacer/hangers 35 so that they penetrate the three- 
dimensional net-like structure 21 produced In the manu- 
facturing space 26. the produced three-dimensional 
net-like structure 21 is pushed by the spacer/hangers 
35 in the direction of the arrow C while retaining the pre- 
determined configuration whereby the three-dimen- 
sional net-like structure 21 is continuously 
manufactured. An arrangement is made so that the 
spacer/hangers 35 are automatically mounted to the 
plates 34 at the upper end portion of the conveyers 32 
and are automatically detached from the plates 34 at 
the lower end portion of the conveyers 32. 
[0041] A bobbin section 37 having bobbins 36 is 
provided upstream of the rotation controller 28 in the 
feeding direction of the line elements 23. The line ele- 
ments 23 stored in the respective bobbins 36 are wound 
from the bobbins 36 and passed through the line ele- 
ment insertion openings 31 of the gears 29 among the 
gear group of the rotation controller 28 and fed to the 
recesses 27 of the corresponding rotors among the 
rotors R1. R2 and R3. 

(2) Step of fomning a first knot K1 

[0042] The three-dimensional net-like structure 21 
is manufactured in the manufacturing space 26 in the 
following manner. Rrst. the line elements 23 unwound 
from the bobbins 36 are passed through the line ele- 
ment insertion openings 31 of the gears 29 of the rota- 
tion controller 28 and the recesses 27 of the rotors R1 
and then the foremost ends of the line elements 23 are 
fixed to line element fixing positions 39 corresponding to 
the recesses 27 of the rotors R1 in a line element fixing 
plate 38 (Fig. 13) provided at a position in the manufac- 
turing space 26 which is downstream of the rotors in the 
feeding direction. 

[0043] In the following description, for convenience 
of explanation, five rotors R1 , three rotors R2 and three 
rotors R3 shown in Fig. 12 among twelve rotors R1, 
twelve rotors R2 and seven rotors R3 shown in Fig. 8 
are designated by reference characters R1-1 to R1-5, 
R2-1 to R2-3 and R3-1 to R3-3 and operation of the line 
elements 23 by these rotors R1-1 to R1-5, R2-1 to R2-3 
and R3-1 to R3-3 will be described. Operation of the line 
elements 23 by the other rotors shown in Fig. 8 is 
entirely the same as the operation by the rotors shown 
in Fig. 12. 

[0044] The line elements 23 used in the manufac- 
turing method of the invention may be made of metal or 
plastic. There is no particular limitation in the material 
used for line element and wire, twine or monofilament 
may be used as the line elements. Since the line ele- 
ment is formed to a three-dimensional net- like structure 
by twisting, the material for the line element must be 
capable of plastic deformation and have sufficient rigid- 
ity to maintain their shape after twisting. 



[0045] The line element may be made of a monofil- 
ament or a single piece of wire but a line element made 
of wire or twine which is made by twisting thin steel lines 
or plastic lines is preferable because liquid flows along 

5 the space between the lines which constitute the wire or 
twine due to the capillary action and thereby enhance 
transfer of the liquid. In the present embodiment, seven 
steel lines each having a diameter of 0.1 mm are twisted 
together to form a single steel wire and two of this steel 

70 wire are further twisted to a single wire and this wire is 
used as the line element 23. 

[0046] For convenience of explanation, fifteen line 
elements 23 inserted in the recesses 27 of the rotors 
R1-1 to R1-5 are distinguished from one another by ref- 

15 erence characters No. 1 to No. 15. In the step shown in 
Fig. 13, the line elements No. 1 to No. 3 are received in 
the rotor Rl-1, the line elements No. 4 to No. 6 are 
received in the rotor R1-2, the line elements No. 7 to No. 
9 are received in the rotor R1-3, the line elements No. 

20 1 0 to No. 12 are received in the rotor R1 -4 and the line 
elements No. 13 to No. 15 are received in the rotor R1- 
5. 

[0047] In the state shown in Fig. 13. the recess 27 
of the rotor Rl-1 is in alignment with the recess 27 of the 
25 rotor R3-1, the recesses 27 of the rotor R1-2 are in 
alignment with the recesses 27 of the rotors R3-1 to R3- 
3 and the recess 27 of the rotor R1 -5 is in alignment with 
the recess 27 of the rotor R3-3. 

[0048] By rotating the gears 29 in the rotation con- 
30 troller 28 corresponding the rotors R1-1 to R1-5 in the 
above described state by one revolution or over (prefer- 
ably by two revolutions, i.e., 720° ), the rotors Rl-1 to 
R1-5 are rotated by the same rotation angle. The three 
line elements inserted in the recesses 27 of each of the 
35 rotors Rl-1 to R1-5 are twisted in a middle position 
between the rotors Rl-1 to R1-5 and the line element 
fixing plate 38 and, as a result, a knot Kl which is of the 
same shape as the knot 24 shown in Rg. 2 which is 
formed by twisting is formed. Thus, first knots Kl ar 
40 formed downstream of the rotors in the feeding direction 
of the line elements 23 in the respective hypothetical 
channels CI. 

(3) Step of forming a second knot K2 

45 

[0049] The line elements 23 are fed in the feeding 
direction by a predetermined length (in the present 
embodiment, length between the first knots Kl and the 
recesses 27 of the rotors R1-1 to R1-5) and then the line 

50 elements 23 are moved, as shown in Fig. 14, from the 
recesses 27 of the rotors Rl-1 to R1-5 to the recesses 
27 of the adjacent rotors R3-1 to R3-3 which are in 
alignment. More specifically, the line element No. 3 is 
moved from the recess 27 of the rotor Rl-1 to the 

55 recess 27 of the rotor R3-1, the line element No. 4 is 
moved from the recess 27 of the rotor R1-2 to the 
recess 27 of the rotor R3-1, the line element No, 5 is 
moved from the recess 27 of the rotor R1-2 to the 
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recess 27 of the rotor R3-3, the line element No. 6 is 
moved from the recess 27 of the rotor R1-2 to the 
recess 27 of the rotor R3-2. the line element No. 7 is 
moved from the recess 27 of the rotor R1-3 to the 
recess 27 of the rotor R3-2, the line element No. 12 is 
moved from the recess 27 of the rotor R1-4 to the 
recess 27 of the rotor R3-3, the line element No. 13 is 
moved from the recess 27 of the rotor R1-5 to the 
recess 27 of the rotor R3-3. 

[0050] For moving the line elements 23 between the 
rotors R3 and R1 and between the rotors R3 and R2, for 
example, as shown in Fig. 15, an arm 49 which is pro- 
vided above (or below) a position in which the rotor R3 
and the rotor R1 (or rotor R2) are in the closest proxim- 
ity to each other is operated by a sequence control to 
push the line element 23 from the recess 27 of one rotor 
to the recess 27 of the other rotor. Alternatively, a sole- 
noid may be provided in the inside of the respective 
recesses 27 and its plunger may be actuated to push 
the tine element 23 from the recess 27 of one rotor to 
the recess 27 of the other rotor. Various other means 
may also be employed for moving the line element 23 
from the recess 27 of one rotor to the recess 27 of the 
other rotor 

[0051] After the line elements 23 have been moved 
from the recesses 27 of the rotors R1-1 to R1-5 to the 
recesses 27 of the rotors R3-1 to R3-3, the rotors R3-1 
to R3-3 are rotated by one revolution or over (two revo- 
lutions in the present embodiment) to twist the three line 
elements 23 inserted in the recesses 27 of the respec- 
tive rotors R3-1 to R3-3 (two line elements only are illus- 
trated with respect to the rotors R3-1 and R3-2) and 
thereby form second knots K2 downstream of the rotors 
R3-1 to R3-3 and upstream of the first knots K1 in each 
of the spaces in which the rotors R3-1 to R3-3 are dis- 
posed, 

(4) Step of forming a third knot K3 

[0052] After the line elements 23 are fed by the pre- 
determined length, as shown in Rg. 16, the rotors R3-1 
to R3-3 are rotated counterclockwise by 60** and the 
rotors R2-1 to R2-3 are rotated clockwise by 60°. Then, 
the line elements 23 are moved from the recesses 27 of 
the rotors R3-1 to R3-3 to the recesses 27 of the rotors 
R2-1 to R2-3. More specifically, the line element No. 3 is 
moved from the rotor R3-1 to the rotor R2-1 , the line ele- 
ment No. 5 is moved from the rotor R3-1 to the rotor R2- 
1 , the line element No. 6 is moved from the rotor R3-2 to 
the rotor R2-2, the line element No. 12 is moved from 
the rotor R3-3 to the rotor R2-3 and the line element No. 
13 is moved from the rotor R3-3 to the rotor R2-2, 
[0053] Then, the rotors R2-1 to R2-3 are rotated by 
one revolution or over (two revolutions in the present 
embodiment) to twist the three line elements 23 
inserted in the recesses 27 of the rotors R2-1 to R2-3 
and third knots K3 are thereby formed downstream of 
the rotors and upstream of the second knots K2 in the 



hypothetical channels C2. 

(5) Step of forming fourth knots K4 

5 [0054] After the line elements 23 are fed by the pre- 
detemnined length, as shown in Fig. 17, the line ele- 
ments 23 are moved from the recesses 27 of the rotors 
R2-1 to R2-3 to the recesses 27 of the adjacent rotors 
R3-1 to R3-3 which are in alignment. More specifically, 

10 the line element No. 3 is moved from the rotor R2-1 to 
the rotor R3-1 , the line element No. 5 is moved from the 
rotor R2-1 to the rotor R3-3. the line element No. 6 is 
moved from the rotor R2-2 to the rotor R3-2, the line ele- 
ment No. 12 is moved from the rotor R2-3 to the rotor 

15 R3-3 and the tine element No, 13 is moved from the 
rotor R2-2 to the rotor R3-2. 

[0055] Then, the rotors R3-1 to R3-3 are rotated by 
one revolution or over (two revolutions in. the present 
embodiment) to twist the three line elements 23 

20 inserted in the recesses 27 of the rotors R3-1 to R3-3. 
(one line element only is illustrated with respect to the 
rotors R3-1 and R3-2) and fourth knots K4 are thereby 
fonmed downstream of the rotors and upstream of the 
third knots K3 in the spaces in which the rotors R3-1 to 

25 R3-3 are disposed. 

(6) Step of moving the line elements to the recesses of 
the rotors R1 

30 [0056] The line elements 23 are fed by the predeter- 
mined length and the rotors R3-1 to R3-3 are rotated 
counterclockwise by 60** and the rotors R1 -1 to R1 -3 are 
rotated clockwise by 60° to bring the recesses 27 of the 
rotors R3-1 to R3-2 in alignment with the recesses 27 of 

35 the rotors R1 -1 to Rl-3. Then, the line elements 23 are 
moved from the recesses 27 of the rotors R3-1 to R3-3 
to the recesses 27 of the rotors R1-1 to R1-3. More spe- 
cifically, the line element No. 3 is moved from the rotor 
R3-1 to the rotor R1-1 , the line element No. 5 is moved 

40 from the rotor R3-3 to the rotor R1-2, the line element 
No. 6 is moved from the rotor R3-2 to the rotor R1 -2, the 
line element No. 12 is moved from the rotor R3-3 to the 
rotor R1-2 and the line element No.1 3 is moved from 
the rotor R3-3 to the rotor R1 -5. 

45 [0057] Thus, the initial state (the state of Step (2) 
described above) is restored in which the line element 
No. 1 to No. 3 are inserted in the recesses 27 of the 
rotors R1-1, the line elements No. 4 to No. 6 are 
inserted in the recesses 27 of the rotor R1-2, the line 

50 elements No. 7 to No.9 are inserted in the recesses 27 
of the rotor R1 -3, the line elements No. 1 0 to No. 1 2 are 
inserted in the recesses 27 of the rotor R1-4 and the line 
elements No. 13 to No. 15 are inserted in the recesses 
27 of the rotor R1-5. By rotating the rotors R1-1 to R1-5 

55 in this state, the first knots K1 are formed again. 

[0058] By repeating the steps (2), (3), (4), (5) and 
(6) sequentially, as shown in Fig. 19, knots where the 
three line elements 23 converge and disperse are 
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sequentially formed in the order of the first knots K1 
fornned in the hypothetical channel CI, the second 
knots K2 formed in the spaces in which the rotors R3 
are disposed, the third knots K3 formed in the hypothet- 
ical channels C2, the fourth knots K4 formed in the 5 
spaces in which the rotors R3 are disposed. By repeat- 
ing this cycle by a desired number of times, the three- 
dimensional net-like structure 21 of a desired size can 
be manufactured. 

10 

Embodiment 2 

[0059] This embodiment relates to a method for 
manufacturing the three-dimensional net-like structure 
40 shown in Figs. 3 and 4 which the unit structure is is 
formed by conversion and diversion of tour line ele- 
ments. 

(1 ) Step of preparing a three-dimensional net-like struc- 
ture manufacturing space 20 

[0060] in this embodiment, four line elements 23 
are transferred between two types of rotors disposed in 
two types of hypothetical channels of a regular square 
cross section and the transfen-ed four line elements 23 25 
are twisted to perform conversion and dispersion of the 
four line elements 23 whereby the three-dimensional 
net-like structure shown in Figs. 3 and 4 is manufac- 
tured. 

[0061] For this purpose, in this embodiment also, a 30 
manufacturing device similar to the three-dimensional 
net-like structure manufacturing device 25 is employed 
to perfonn transfer of the line elements 23 between the 
two types of rotors and rotaion of the rotors and thereby 
perfonn conversion and dispersion of the four line ele- 35 
ments 23. 

[0062] An example of a three-dimensional net-tike 
structure manufacturing space 42 used in this embodi- 
ment is schematically shown in the plan view of Fig. 20. 
[0063] The three-dimensional net-like structure 40 
manufacturing space 42 shown in Fig. 20 consists of a 
predetermined number (36 channels in the illustrated 
example) of hypothetical channels each having a regu- 
lar square cross section which are aligned in columns 
and rows without leaving spaces between them. These 45 
hypothetical channels consist of first hypothetical chan- 
nels CA which are disposed alternately in each column 
and in each row of hypothetical channels and second 
hypothetical channels CB which are disposed alter- 
nately in each column and each row of hypothetical 50 
channels and disposed between two adjacent first hypo- 
thetical channels CA. In the illustrated example, the 
manufacturing space 42 consists of eighteen first hypo- 
thetical channels CA and eighteen second hypothetical 
channels CB. 55 
[0064] in this manufacturing space 42. as shown in 
Fig. 21 , two types of rotors RA and RB which constitute 
a part of the manufacturing device 25 are disposed. The 



rotors RA and RB are constructed in the form of a disk 
as in the rotors used in the embodiment 1 and are 
formed in their periphery with U-shaped recesses 43 at 
an interval of 90** for receiving four line elements 23. 
[0065] The rotors RA are disposed in the first hypo- 
thetical channels CA of the manufacturing space 42 and 
the rotors RB are disposed in the second hypothetical 
channels CB of the manufacturing space 42. These 
rotors RA and RB are of equal diameter. The rotors RA 
and RB are disposed in such a manner that adjacent 
ones of the rotors RA and RB are rotated in contact with 
each other and that the recesses 43 of the rotors RA are 
in alignment with the recesses 43 of the rotors RB at a 
position where the rotors RA contact the rotors RB so 
that the line elements 23 are transferred between the 
recesses 43 of the rotors RA and the recesses 43 of the 
rotors RB. 

[0066] As shown in Fig. 22, each of the rotors RA 
and RB is connected to a gear 45 of a rotation controller 

44 provided upstream of the rotors RA and RB in the 
feeding direction of the line elements 23 by means of a 
coaxial shaft 46. The gear 45 is of the same diameter 
and has the same number of teeth as the rotors RA and 
RB and adjacent gears 45 mesh each other. The gear 

45 is formed with line element insertion openings 47 at 
an interval of 90** for inserting four line elements 23. The 
gear 45, in the same manner as the gear 29 of the 
embodiment 1, has only a function of guiding the four 
line elements 23 unwound from bobbins. In the gear 45, 
by transmitting rotation of the motor to one of the gears 
45, rotation is transmitted to the entire gears 45 and 
rotation is thereby transmitted to the entire rotors RA 
and RB. The rotation controller 44 has a sequence con- 
trol unit for transmitting rotation of the motor to the gears 
45 by a desired rotation angle in accordance with a pre- 
determined sequence operation and, therefore, by rotat- 
ing the gears 45 by a desired angle, the rotors RA and 
RB can be rotated by the same angle. 

(2) Step of forming a first knot KCA 

[0067] The three-dimensional net-like structure 40 
is manufactured in the manufacturing space 42 pre- 
pared in the above described manner. First, the line ele- 
ments 23 unwound from bobbins 36 are passed through 
the line element insertion openings 47 of the gears 45 of 
the rotation controller 44 correspoonding to the rotors 
RA and the recesses 43 of the rotors RA and then the 
foremost ends of the line elements 23 are fixed to line 
element fixing positions corresponding to the recesses 
43 of the rotors RA in a line element fixing plate (not 
shown) provided at a position in the manufacturing 
space 42 which is downstream of the rotors RA, RB by 
a predetermined distance in the feeding direction of the 
line elements 23. 

[0068] In the following description made with refer- 
ence to Rgs. 23 and 24, for convenience of explanation, 
six rotors RA and four rotors RB among eighteen rotors 
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RA and eighteen rotors RB are designated by reference 
characters RA-1 to RA-6 and RB-1 to RB-4 and opera- 
tion of the line elements 23 by these rotors RA-1 to RA- 
6 and RB-1 to RB-4 will be described. Operation of the 
line elements 23 by the other rotors RA and RB shown 
in Fig. 21 is entirely the same as the operation by the 
rotors shown in Fig. 24. 

[0069] For convenlecen of explanation, twenty line 
elements 23 inserted in the recesses 43 of the rotors 
RA-1 to RA-6 are distinguished from one another by ref- 
erence characters No. 1 to No. 20. In the step shown in 
Fig. 23, the line elennents No. 1 to No. 4 are received in 
the rotor RA-1, the line elements No. 5 to No. 8 are 
received in the rotor RA-2, the line elements No. 9 and 
No. 10 are received in the rotor RA-3, the line elements 
No. 11 to No. 14 are received in the rotor RA-4, the tine 
elements No. 15 to No. 18 are received in the rotor RA- 
5 and the line elements No. 19 and No. 20 are received 
in the rotor RA-6. The shaded plane P in Fig. 23 repre- 
sents positions where the line elements 23 are received 
in the rotors RA and RB. 

[0070] By rotating the gears 45 of the rotation con- 
troller 44 by one revolution or over (two revolutions 
(720° ) in the present embodiment) in the above 
described state, the rotors RA-1 to RA-6 are rotated by 
the same rotation angle. The four line elements 23 
inserted in the recesses 43 of the rotors RA-1 to RA-6 
are twisted in a middle position between the rotors RA- 
1 to RA-6 and the line element fixing plate and knots 
KCA which are similar to the knot 41a shown in Fig. 4 
which is formed by twisting are fornned. Thus, the first 
knots KCA are formed downstream of the rotors in the 
hypothetical channels CA in the feeding direction of the 
line elements 23. 

(3) Step of fomriing a second knot KCB 

[0071] The line elements 23 are fed in the feeding 
direction by a predetermined length (in the present 
embodiment, length between the first knots KCA and 
the recesses 43 of the rotors RA-1 to RA-6 in Fig. 23). 
Then, as shown in Fig. 24, the line elements 23 are 
moved from the recesses 43 of the rotors RA-1 to RA-6 
to the recesses 43 of adjacent rotors RB-1 to RB-4 
which are in alignment. More specifically, the line ele- 
ment No. 3 is moved from the rotor RA-1 to the rotor RB- 
1 , the line element No. 4 is moved from the rotor RA-1 
to the rotor RB-3, the line element No. 5 is moved from 
the rotor RA-2 to the rotor RB-3, the line element No. 7 
is moved from the rotor RA-2 to the rotor RB-2. the line 
element No. 8 is moved from the rotor RA-2 to the rotor 
RB-4, the line element No. 9 is moved from the rotor 
RA-3 to the rotor RB-2, the line element No. 1 0 is moved 
from the rotor RA-3 to the rotor RB-4, the line element 
No. 13 is moved from the rotor RA-4 to the rotor RB-3, 
the line element No. 1 5 is moved from the rotor RA-5 to 
the rotor RB-3, the line element No. 17 is moved from 
the rotor RA-5 to the rotor RB-4 and the line element 



No. 19 is moved from the rotor RA-6 to the rotor RB-4. 
[0072] Then, the rotors RB-1 to RB-4 are rotated by 
one revolution or over (two revolutions in the present 
embodiment) to twist the four line elements 23 inserted 
5 in the recesses 43 of the rotors RB-1 to RB-4 (two line 
elements only are illustrated with respect to each of the 
rotors RB-1 and RB-2) and second knots KCB are 
thereby fomned downstream of the rotors and upstream 
of the first knots KCA in the hypothetical channels CB. 

10 

(d) Step of moving the line elements to the recesses of 
the rotors RA 

[0073] The line elements 23 are fed by the predeter- 
15 mined length and then the line elements 23 are moved 
from the recesses 43 of the rotors RB-1 to RB-4 to the 
recesses 43 of the adjacent rotors RA-1 to RA-6 which 
are in alignment. 

[0074] Thus, the initial state (the state of Step (2) 

20 described above) is restored in which the line elements. 
No. 1 to No. 4 are inserted in the rotors RA-1, the line 
elements No. 5 and No. 6 are inserted in the rotor RA-2, 
the line elements No. 9 and No. 10 are inserted in the 
rotor RA-3. the line elements No. 11 to No. 14 are 

25 inserted in the rotor RA-4. the line elements No. 15 to 
No. 18 are inserted in the rotor RA-5 and the line ele- 
ments No. 19 and No. 20 are inserted in the rotor RA-6. 
By rotating the rotors RA-1 to RA-6 in this state, the first 
knots KCA are formed again. 

30 [0075] By repeating the steps (2), (3) and (4) 
sequentially and repeatedly, the first knots KCA formed 
in the hypothetical channels CA and the second knots 
KCB formed in the hypothetical channels CB are 
sequentially fomned and, by repeating this cycle by a 

35 desired number of times, the three-dimensional net-like 
structure 40 as shown in Fig. 3 can be manufactured in 
a desired size. 

[0076] in the embodiments 1 and 2, when the gears 
29 (45) of the rotation controller 28 (44) of the thee- 

40 dimensional net- like structure manufacturing device 25 
are rotated by one revolution or over, twisting is caused 
in the three or four line elements at a position between 
the gears 29 (45) and the bobbins 36 and, therefore, 
some means must be provided for preventing occur- 

45 rence of such twisting in the line elements 23. For this 
purpose, in a case, for example, where a three-dimen- 
sional net-like structure having a unit structure consist- 
ing of three tine elements is manufactured, as shown in 
Fig. 25, three bobbins 36-1 , 36-2 and 36-3 from which 

50 the three line elements 23 inserted through the gears 29 
are unwound may be fixed to a common bobbin rotating 
disk 48. By rotating the bobbin rotating disk 48 by a bob- 
bin rotating disk drive mechanism (not shown ) provided 
in the bobbin section 37 in synchronism with rotation of 

55 the gears 29 by the same rotation angle as the rotation 
of the gears 29 in the same direction, twisting of the line 
elements 23 can be prevented. 

[0077] In the above described embodiments of the 
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invention, the rotor are made in the shape of a disk. The 
shape of the rotors is not linnited to the disk but rotors 
which have a circular shape in the radial direction such 
as a cylindrical shape may also be used. 
[0078] In the above described embodiments, the 
rotors which transfer the line elennents are rotated by 
the gears 29 or 45 of the rotation controller 28 or 44. 
The rotors may be rotated by other methods. An exam- 
ple of such other methods for rotating the rotors will be 
described with reference to Figs. 27 to 30 with respect 
to a case where a three-dimensional net-like structure is 
manufactured by using three line elements. 
[0079] Fig. 27 is a plan view showing arrangement 
of rotors in practicing this method in the manufacturing 
space shown in Fig. 8, Rg. 28A is a plan view of adja- 
cent rotors RX, RY and RZ in Fig, 27, Fig. 28B is a side 
view thereof, Rg. 29 is a partially enlarged view showing 
alignment of recesses in gear portions of the rotor RX 
and the rotor RY (or RZ), Rg. 30 is a plan view showing 
gear sections and lower rotor sections of the rotors RX, 
RY and RZ with the rotor RX being placed in the center, 
Fig. 31 A is a plan view of a drive gear G and Fig. 31 B is 
a side view thereof. 

[0080] In Fig. 27. the rotors RX perform the function 
of the rotors R3, the rotors RY the function of the rotors 
R1 and the rotors RZ the function of the rotors R2 of Fig. 
8. The rotors RX, RY and RZ have, as shown in Figs. 
28A and 28B. upper rotor sections RXa, RYa and RZa, 
gear sections RXb, RYb and RZb, and lower rotor sec- 
tions RXc, RYc and RZc with the gear sections RXb, 
RYb and RZb being sandwiched between the upper 
rotor sections RXa, RYa and RZa and the lower rotor 
sections RXc, RYc and RZc. The upper rotor section of 
the rotors RX, RY and RZ has an equal diameter to the 
lower rotor section thereof. In the same manner as in 
the embodiment of Rg. 8, a snnall gap is provided 
between the upper rotor sections of the respective 
rotors and between the lower rotor sections of the 
respective rotors. 

[0081 ] The periphery of the gear section RXb of the 
rotor RX projects radially outwardly by a predetermined 
length from the peripheries of the upper rotor section 
RXa and the lower rotor section RXb. On the other 
hand, the peripheries of the gear sections RYb and RZb 
are withdrawn by the same length from the peripheries 
of the upper rotor sections RYa and Rza and the lower 
rotor sections RYc and RZc. Accordingly, the rotors RA, 
RB and RZ are supported by one another in such a 
manner that the gear section of the rotor RX is held by 
the upper rotor sections and the lower rotor sections of 
the rotors RY and RZ and the rotors RY and RZ are sup- 
ported by the gear sections of the rotors RX which are 
adjacent to each of the rotors RY and RZ at three posi- 
tions which are distant by 120*. AN of the rotors RX, RY 
and RZ in Rg. 27 are supported by one another in mutu- 
ally fitted state without being supported by outside 
means except for drive gears G. The number of teeth of 
the gear section RXb of the rotor RX is equal to the 



number of teeth of the gear sections RYb and RZb of 
the rotors RY and RZ. 

[0082] As will be apparent from Rg. 29, in the gear 
section RXb of the rotor RX, a recess 50 for receiving 

5 and transferring a line element is formed in a manner to 
extend radially in the central portion of a tooth 51 and 
reaches a position which is radially inside of the root cir- 
cle of the tooth 51 and also radially inside of the outer 
peripheries of the upper rotor section RXa and the lower 

10 rotor section RXc. The portion of the recess 50 which is 
radially inside of the root circle extends vertically to the 
upper rotor section RXa and the lower rotor section RXc 
so that a vertically continuous recess is formed in the 
rotor RX. Three recesses 50 are formed at an interval of 

75 1 20° in the tooth 51. 

[0083] In the gear section RYb of the rotor RY and 
the gear section RZb of the rotor RZ, a recess 53 is 
formed in a manner to extend radially inside of the root 
54. Three recesses 53 are formed at an interval of 120° 

20 in the rotors RY and RZ. The recess 53 extends verti- 
cally to the upper rotor section RYa and the lower rotor 
section RYc in the rotor RY and to the upper rotor sec- 
tion RZa and the lower rotor section RZc in the rotor RZ 
so that a vertically continuous recess is formed in the 

25 rotors RY and RZ. In the illustrated state, the recess 50 
of the rotor RX is in alignment with the recess 53 of the 
rotor RY. 

[0084] The meshing state of the rotors RX, RY and 
RZ as viewed from one rotor RX being placed in the 

30 center is shown in Fig. 30. This is a plan view in which, 
for convenience of understanding, illustration of the 
upper rotor sections of the respective rotors is omitted 
and the lower rotor sections only are illustrated. As will 
be apparent from Fig. 30, the gear section of the rotor 

35 RX meshes with the gear sections of the rotors RY and 
RZ but the gear sections of the rotors RY and RZ do not 
mesh with each other. Therefore, rotation is transmitted 
between the rotor RX and the rotors RY and RZ but 
rotation is not transmitted between the rotor RY and the 

40 rotor RZ. 

[0085] The drive gears G which are dispoded along 
the outer periphery of the rotors RX, RY and RZ are 
constructed tn the manner shown in Figs. 31 A and 31 B. 
The drive gear G has, as the rotor RX, an upper rotor 

45 section Ga, a lower rotor section Gc and a gear section 
Gb which is sandwiched between the the upper rotor 
section Ga and the lower rotor section Gc and projects 
radially outwardly from the peripheries of these sections 
Ga and Gc by a predetermined length. The gear section 

50 Gb, however, does not have a recess for receiving and 
transfemng a line element The drive gear G is rotatably 
supported by a frame of the device through a gear shaft 
Gd and is driven and rotated by an unillustrated drive 
unit. The gear sections Gb of these drive gears G mesh 

55 with the gear sections RYb and RZb of the rotors RY 
and RZ. Accordingly, the rotors RY and RZ whose gear 
sections mesh with the gear section of the drive gears G 
are supported by the drive gears G and rotation of the 
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drive -^rars G is transmitted to the entire rotors RX, RY 
and if Fig. 27 through the rotors RY and RZ. In this 
embo -M.Tient. therefore, the entire gear group except for 
the drive gears G which are disposed outside does not 
require any support but necessary rotation can be 5 
transmitted to the entire gear group. Accordingly, the 
gears 29 of the rotation controller 28 in the embodiment 
1 ar not necessary and the line elements can be sup- 
plied directly from bobbins to the rotors RX, RY and RZ. 
The "lethod for manufacturing the three-dimensional 10 
net-liKe structure is the same as the ones of the embod- 
iments 1 and 2 and description thereof will be omitted. 
[0086] In manufacturing the three-dimensional net- 
like structure using four line elements, the structure of 
the rotor RX can be applied to the rotor RA and the is 
structure of the rotor RY (or RZ) can be applied to the 
other rotor RB so that support and rotation of the rotors 
RA and RB can be realized without using the gears 45 
of the rotation controller 44. 

[0087] In the example of Rg. 15, the line element is 20 
pushed to move by operating the anm 49. An alternative 
method for moving the line element from a recess of 
one rotor to a recess of another rotor will be described 
with reference to Figs. 32 and 33, 

[0088] Rg. 32 is a plan view showing an example in 25 
which this method has been applied to the embodiment 
fo Rgs. 20 to 24 for manufacturing the three-dimen- 
sional net-tike structure by using four line elements. In 
the illustrated state, the line elements 23 are inserted in 
the recesses 43 of the rotors RA. For moving the line 30 

lements 23 from this state to the recesses 43 of the 
adjacent rotors RB, a firs comb 61 and a second comb 
62 which can move up and down and left and right as 
viewed in the figure on one side of the rotor group and 
also over the surfaces of the rotors RA and RB. The 35 
comb 60 has comb teeth 60a in the fomn of rods which 
are an^nged in parallel. The comb 61 likewise has 
comb teeth 61 a in the form of rods which are arranged 
in parallel. 

[0089] The combs 60 and 61 are moved in the 40 
direction of arrow M so that the comb teeth 60a are 
placed on the upper side as viewed in the figure of the 
lower two recesses 43 as viewed in the figure in the four 
recesses 43 of each rotor RA and the comb teeth 61a 
are placed on the lower side as viewed in the figure of 45 
the upper two recesses 43 as viewed in the figure in the 
four recesses 43 of each rotor RA. Then, by moving the 
comb 60 in the direction of arrow O and the comb 61 in 
the direction of an-ow P, the line elements 23 are moved 
from the recesses 43 of the rotors RA to the recesses so 
43 of the rotors RB. Upon completion of movement of 
the line elements 23, the combs 60 and 61 are moved in 
the direction of arrow N to remove the comb teeth 60a 
and 61 a from the surfaces of the rotors RA and RB. 
[0090] Then, for moving the line elements 23 from 55 
the recesses 43 of the rotors RB to the recesses 43 of 
the rotors RA, as shown in Fig. 33, the combs 60 and 61 
are moved in the direction of an'ow M so that comb teeth 



60a are placed on the lower side as viewed in the figure 
of the upper two recesses 43 as viewed in the figure in 
the four recesses 43 of each rotor RB and the comb 
teeth 61a are placed on the upper side as viewed in the 
figure of the lower two recesses 43 as viewed in the fig- 
ure in the four recesses 43 of each rotor RB. Then, by 
moving the comb 60 in the direction of arrow P and the 
comb 61 in the direction of arrow O, the line elements 23 
are moved from the recesses 43 of the rotors RB to the 
recesses 43 of the rotors RA. Upon completion of move- 
ment of the line elements 23, the combs 60 and 61 are 
moved in the direction of arrow N to remove the comb 
teeth 60a and 61a from the surfaces of the rotors RA 
and RB. 

[0091] This method for moving the line elements 
can be applied also to manufacturing of the three- 
dimensional net-like structure using three line elements 
by disposing combs 60 and 61 in three directions at an 
interval of 60° and operating the combs 60 and 61 in a 
manner similar to the above described operation. 

Claims 

1. A method for manufacturing a packing made of a 
three-dimensional net-like structure which consti- 
tutes an internal structure of a device which per- 
fomns material transfer, heat exchange or mixing 
between gases, liquids or gas and liquid, said inter- 
nal structure being divided in a plurality of cham- 
bers or channels connected to one another and 
said three-dimensional net-like structure being 
made of a plurality of unit structures which are 
arranged continuously in vertical and horizontal 
directions of the three-dimensional net-like struc- 
ture, each of the unit structures being formed by 
conversion and dispersion of three tine elements, 
said method comprising a step of fonning a con- 
verging section of the unit structure where the three 
line elements converge by twisting the three line 
elements together. 

2. A method for manufacturing a packing made of a 
three-dimensional net- like structure which consti- 
tutes an internal structure of a device which per- 
fomns material transfer, heat exchange or mixing 
between gases, liquids or gas and liquid, said inter- 
nal structure being divided in a plurality of cham- 
bers or channels connected to one another and 
said three-dimensional net-like structure being 
made of a plurality of unit structures which are 
arranged continuously in vertical and horizontal 
directions of the three-dimensional net-like struc- 
ture, each of the unit structures being formed by 
conversion and dispersion of three line elements, 
said method comprising steps of: 

(A) preparing a packing manufacturing space 
by forming a predetermined number of hypo- 
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thetical channels of a regular triangular cross- 
section without leaving spaces between them 
so that six hypothetical channels having one 
common apex of a triangle form a regular hex- 
agon, said hypothetical channels consisting of 5 
hypothetical channels CI which share one 
apex of a triangle but do not share a side of a 
triangle with adjacent hypothetical channels 
and hypothetical channels C2 which share a 
side of a triangle with the hypothetical channels w 
CI, and disposing, in the packing manufactur- 
ing space, a plurality of rotors each having a 
circular shape in the radial section, being 
formed with three recesses in the periphery 
thereof at an interval of 120° for respectively 75 
receiving a line element and being connected 
to a rotor control unit and rotatable by a prede- 
termined angle by operating the rotor control 
unit, said rotors consisting of rotors R1 each 
being disposed in one of the hypothetical chan- 20 
neis CI , rotors R2 each being disposed in one 
of the hypothetical channels C2 and rotors R3 
each being disposed in a space defined by 3. 
three of the rotors Rl disposed in three of the 
hypothetical channels CI which share one 25 
apex of a triangle and three of the rotors R2 
disposed in three of the hypothetical channels 
C2, in such a manner that the line element can 
be moved between the recess of the rotor R3 
and the recess of the rotor Rl , and between 30 
the recess of the rotor R3 and the recess of the 
rotor Rl and that the rotors Rl do not contact 
the rotors R2, 

(B) inserting the line elements unwound from 
bobbins in the respective recesses of the rotors 35 
R1 and thereafter rotating the rotors Rl by one 
revolution or over to twist the three line ele- 
ments inserted in the respective recesses of 
each of the rotors Rl and thereby fonning a 
first knot K1 in each of the hypothetical chan- 4o 
nels CI downstream of the rotors R1 in a feed- 4. 
ing direction of the line elements, 

(C) feeding the line elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors Rl to the recesses of 45 
the rotors R3 and thereafter rotating the rotors 

R3 by one revolution or over to twist the three 
line elements Inserted in the recesses of the 
rotors R3 and thereby forming a second knot 
K2 upstream of the first knot K1 in each of the so 
spaces in which the rotors R3 are disposed, 

(D) feeding the line elements by a predeter- 
mined length, rotating the rotors R3 and the 
rotors R2 respectively by 60* in opposite direc- 
tions to each other, moving the line elements 55 
from the recesses of the rotors R3 to the 
recesses of the rotors R2 and thereafter rotat- 
ing the rotors R2 by one revolution or over to 



twist the three line elements inserted in the 
recesses of the rotors R2 and thereby forming 
a third knot K3 downstream of the rotors R2 
and the upstream of the second knot K2 in 
each of the hypothetical channels C2, 

(E) feeding the line elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors R2 to the recesses of 
the rotors R3 and thereafter rotating the rotors 
R3 by one revolution or over to twist the three 
line elements inserted in the recesses of the 
rotors R3 and thereby forming a fourth knot K4 
downstream of the rotors R3 and upstream of 
the third knot K3 in each of the spaces in which 
the rotors R3 are disposed, and 

(F) feeding the line elements by a predeter- 
mined length, rotating the rotors R3 and the 
rotors Rl respectively by 60^ in opposite direc- 
tions to each other and thereafter moving the 
line elements from the recesses of the rotors 
R3 to the recesses of the rotors R1 . 

A method for manufacturing a packing made of a 
three-dimensional net-like structure which consti- 
tutes an internal structure of a device which per- 
fomns material transfer, heat exchange or mixing 
between gases, liquids or gas and liquid, said inter- 
nal structure being divided in a plurality of cham- 
bers or channels connected to one another and 
said three-dimensional net-like structure being 
made of a plurality of unit structures which are 
arranged continuously in vertical and horizontal 
directions of the three-dimensional net-like struc- 
ture, each of the unit structures being formed by 
conversion and dispersion of four line elements, 
said method comprising a step of forming a con- 
verging section of the unit structure where the four 
line elements converge by twisting the four line ele- 
ments together. 

A method for manufacturing a packing made of a 
three-dimensional net- like structure which consti- 
tutes an internal structure of a device which per- 
forms material transfer, heat exchange or mixing 
between gases, liquids or gas and liquid, said inter- 
nal structure being divided in a plurality of cham- 
bers or channels connected to one another and 
said three-dimensional net-tike structure being 
made of a plurality of unit structures which are 
arranged continuously in vertical and horizontal 
directions of the three-dimensional net-like struc- 
ture, each of the unit structures being formed by 
conversion and dispersion of four line elements, 
said method comprising steps of: 

(A) preparing a packing manufacturing space 
by forming a predetermined number of hypo- 
thetical channels of a regular square cross- 
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section so that these hypothetical channels 
align in columns and rows without leaving 
spaces between them, said hypothetical chan- 
nels consisting of first hypothetical channels 
CA and second hypothetical channels CB 5 
which are disposed alternately in columns and 
rows of the hypothetical channels, and dispos- 
ing, in the packing manufacturing space, a plu- 
rality of rotors each having a circular shape in 
the radial section, being formed with four 10 
recesses in the periphery thereof at an interval 
of 90 ° for respectively receiving a line element 
and being connected to a rotor control unit and 
rotatable by a predetermined angle by operat- 
ing the rotor control unit, said rotors consisting 75 
of rotors RA each being disposed in one of the 
first hypothetical channels CA and rotors RB 
each being disposed in one of the second 
hypothetical channels CB in such a manner 
that the line element can be moved between 20 
the recess of the rotor RA and the recess of the 
rotor RB, 

(8) inserting the line element unwound from 
bobbins in the respective recesses of the rotors 
RA and thereafter rotating the rotors RA by one 2S 
revolution or over to twist the four line elements 
inserted in the respective recesses of each of 
the rotors RA and thereby fonning a first knot 
KCA in each of the hypothetical channels CA 
downstream of the rotors RA in a feeding direc- 30 
tion of the line elements, 

(C) feeding the line elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors RA to the recesses of 
the rotors RB and thereafter rotating the rotors 35 
RB by one revolution or over to twist the tour 
line elements inserted in the recesses of the 
rotors RB and thereby forming a second knot 
KCB upstream of the first knot KCA in each of 

the hypothetical channels CB, and 40 

(D) feeding the line elements by a predeter- 
mined length and moving the line elements 
from the recesses of the rotors RB to the 
recesses of the rotors RA. 

45 

5. A method for manufacturing a three-dimensional 
net- like structure including a mist eliminator and a 
mutti-layer filtering film made of a plurality of unit 
structures which are arranged continuously in verti- 
cal and horizontal directions of the three-dimen- 50 
sional net-like structure, each of the unit structures 
being formed by conversion and dispersion of three 
line elements, said method comprising a step of 
forming a converging section of the unit structure 
where the three line elements converge by twisting 55 
the three line elements together. 

6. A method for manufacturing a three-dimensional 



net-like structure including a mist eliminator and a 
multi-layer filtering film made of a plurality of unit 
structures which are an^nged continuously in verti- 
cal and horizontal directions of the three-dimen- 
sional net-like structure, each of the unit structures 
being formed by conversion and dispersion of three 
line elements, said method comprising steps of: 

(A) preparing a three-dimensional net-like 
structure manufacturing space by forming a 
predetermined number of hypothetical chan- 
nels of a regular triangular cross-section with- 
out leaving spaces between them so that six 
hypothetical channels having one common 
apex of a triangle form a regular hexagon, said 
hypothetical channels consisting of hypotheti- 
cal channels C1 which share one apex of a tri- 
angle but do not share a side of a triangle with 
adjacent hypothetical channels and hypotheti- 
cal channels 02 which share a side of a trian- 
gle with the hypothetical channels CI, and 
disposing, in the three-dimensional net-like 
structure manufacturing space, a plurality of 
rotors each having a circular shape in the radial 
section, being formed with three recesses in 
the periphery thereof at an interval of 120'' for 
respectively receiving a line element and being 
connected to a rotor control unit and rotatable 
by a predetemnined angle by operating the 
rotor control unit, said rotors consisting of 
rotors R1 each being disposed in one of the 
hypothetical channels CI, rotors R2 each 
being disposed in one of the hypothetical chan- 
nels C2 and rotors R3 each being disposed in 
a space defined by three of the rotors R1 dis- 
posed in three of the hypothetical channels CI 
which share one apex of a triangle and three of 
the rotors R2 disposed in three of the hypothet- 
ical channels C2, in such a manner that the line 
element can be moved between the recess of 
the rotor R3 and the recess of the rotor R1 , and 
between the recess of the rotor R3 and the 
recess of the rotor R1 and that the rotors R1 do 
not contact the rotors R2, 

(B) inserting the line elements unwound from 
bobbins in the respective recesses of the rotors 
R1 and thereafter rotating the rotors R1 by one 
revolution or over to twist the three line ele- 
ments inserted in the respective recesses of 
each of the rotors R1 and thereby fomning a 
first knot K1 in each of the hypothetical chan- 
nels C1 downstream of the rotors R1 in a feed- 
ing direction of the line elements, 

(C) feeding the line elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors R1 to the recesses of 
the rotors R3 and thereafter rotating the rotors 
R3 by one revolution or over to twist the three 
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line elements inserted in the recesses of the 
rotors R3 and thereby fomning a second knot 
K2 upstream of the first knot K1 in each of the 
spaces in which the rotors R3 are disposed, 

(D) feeding the line elements by a predeter- 5 
mined length, rotating the rotors R3 and the 
rotors R2 respectively by 60° in opposite direc- 
tions to each other, moving the line elements 
from the recesses of the rotors R3 to the 
recesses of the rotors R2 and thereafter rotat- 70 
ing the rotors R2 by one revolution or over to 
twist the three line elements inserted in the 
recesses of the rotors R2 and thereby fomning 

a third knot K3 downstream of the rotors R2 
and the upstream of the second knot K2 in i5 
each of the hypothetical channels C2, 

(E) feeding the itne elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors R2 to the recesses of 

the rotors R3 and thereafter rotating the rotors 20 
R3 by one revolution or over to twist the three 
line elements inserted in the recesses of the 
rotors R3 and thereby fomning a fourth knot K4 
downstream of the rotors R3 and upstream of 
the third knot K3 in each of the spaces in which 25 
the rotors R3 are disposed, and 

(F) feeding the line elements by a predeter- 
mined length, rotating the rotors R3 and the 
rotors R1 respectively by 60*" in opposite direc- 
tions to each other and thereafter moving the so 
line elements from the recesses of the rotors 

R3 to the recesses of the rotors R1 . 

7. A method for manufacturing a three-dimensional 
net-like structure including a mist eliminator and a 35 
multi-layer filtering film made of a plurality of unit 
structures which are arranged continuously in verti- 
cal and horizontal directions of the three-dimen- 
sional net-like structure, each of the unit structures 
being formed by conversion and dispersion of four 40 
line elements, said method comprising a step of 
forming a converging section of the unit structure 
where the four line elements converge by twisting 

the four line elements together. 

45 

8. A method for manufacturing a three-dimensional 
net-like structure including a mist eliminator and a 
multi-layer filtering film made of a plurality of unit 
structures which are arranged continuously in verti- 
cal and horizontal directions of the three-dimen- so 
sional net-like structure, each of the unit structures 
being formed by conversion and dispersion of four 
line elements, said method comprising steps of: 

(A) preparing a three-dimensional net-like 55 
structure manufacturing space by forming a 
predetermined number of hypothetical chan- 
nels of a regular square cross-section so that 



these hypothetical channels align in columns 
and rows without leaving spaces between 
them, said hypothetical channels consisting of 
first hypothetical channels CA and second 
hypothetical channels CB which are disposed 
alternately in columns and rows of the hypo- 
thetical channels, and disposing, in the three- 
dimensional net-like structue manufacturing 
space, a plurality of rotors each having a circu- 
lar shape in the radial section, being formed 
with four recesses in the periphery thereof at 
an interval of 90° for respectively receiving a 
line element and being connected to a rotor 
control unit and rotatable by a predetermined 
angle by operating the rotor control unit, said 
rotors consisting of rotors RA each being dis- 
posed in one of the first hypothetical channels 
CA and rotors RB each being disposed in one 
of the second hypothetical channels CB in such 
a manner that the line element can be moved 
between the recess of the rotor RA and the 
recess of the rotor RB, 

(B) inserting the line elements unwound from 
bobbins in the respective recesses of the rotors 
RA and thereafter rotating the rotors RA by one 
revolution or over to twist the four line elements 
inserted in the respective recesses of each of 
the rotors RA and thereby forming a first knot 
KCA in each of the hypothetical channels CA 
downstream of the rotors RA in a feeding direc- 
tion of the line elements, 

(C) feeding the line elements by a predeter- 
mined length, moving the line elements from 
the recesses of the rotors RAto the recesses of 
the rotors RB and thereafter rotating the rotors 
RB by one revolution or over to twist the four 
line elements inserted in the recesses of the 
rotors RB and thereby forming a second knot 
KCB upstream of the first knot KCA in each of 
the hypothetical channels CB, and 

(D) feeding the line elements by a predeter- 
mined length and moving the line elements 
from the recesses of the rotors RB to the 
recesses of the rotors RA. 

9. A packing made of a three-dimensional net-like 
structure which constitutes an internal structure of a 
device which performs material transfer, heat 
exchange or mixing between gases, liquids or gas 
and liquid, said internal structure being divided in a 
plurality of chambers or channels connected to one 
another and said three-dimensional net-like struc- 
ture being made of a plurality of unit structures 
which are arranged continuously in vertical and hor- 
izontal directions of the three-dimensional net-like 
structure, each of the unit structures being formed 
by conversion and dispersion of three line el ments 
characterized in that a converging section of the 
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unit structure where the three line elements con- 
verge is formed by twisting the three line elements 
together. 

10. A packing made of a three-dimensional net-like 5 
structure which constitutes an internal structure of a 
device which performs material transfer, heat 
exchange or mixing between gases, liquids or gas 
and liquid, said internal structure being divided in a 
plurality of chambers or channels connected to one io 
another and said three-dimensional net-like struc- 
ture being made of a plurality of unit structures 
which are arranged continuously in vertical and hor- 
izontal directions of the three-dimensional net-like 
structure, each of the unit structures being formed is 
by conversion and dispersion of four line elements 
characterized in that a converging section of the 
unit structure, where the four line elements con- 
verge is formed by twisting the four line elements 
together 20 

11. A three-dimensional net-like structure including a 
mist eliminator and a multi-layer filtering film made 
of a plurality of unit structures which are an^nged 
continuously in vertical and horizontal directions of 25 
the three-dimensional net-like structure, each of the 
unit structures being formed by conversion and dis- 
persion of three line elements characterized in that 

a converging section of the unit structure where the 
three line elements converge is formed by twisting 30 
the three line elements together. 

12. A three-dimensional net-like structure including a 
mist eliminator and a multi-layer filtering film made 

of a plurality of unit structures which are an^nged 35 
continuously in vertical and horizontal directions of 
the three-dimensional net-like structure, each of the 
unit structures being formed by conversion and dis- 
persion of four line elements characterized in that a 
converging section of the unit structure where the 40 
four line elements converge is formed by twisting 
the four line elements together. 
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